Aflatoxins are highly toxic and carcinogenic, and attention has been focused on finding out the mechanism by which aflatoxin formation can be controlled (8) . The inhibitory action of barium and the stimulatory action of zinc on aflatoxin formation are well documented (11, 14, 15) . It has been postulated that the resistance or susceptibility of natural commodities to aflatoxin formation depends on the presence or absence of adequate amounts oftrace metals (1, 2, 10, 12) . Groundnut and coconut are better substrates for aflatoxin formation because, apart from fulfilling the carbohydrate or protein prerequisite for toxin formation, they also have a preponderence of trace elements such as zinc (1, 2) .
Phytic acid is present in comparatively large amounts in agricultural products such as soybeans and corn. Hence, these substrates are resistant to aflatoxin formation (10, 12) . In an earlier report we described the inhibition of aflatoxin synthesis and [1-_4C]acetate incorporation into aflatoxin (9) by phytic acid in a chemically defined medium. The mechanism proposed for the inhibitory action was its chelating action with zinc, rendering the metal unavailable for aflatoxin synthesis. Bean and Rambo (3) reported the inhibitory action of dimethyl sulfoxide (Me2SO) on aflatoxin biosynthesis due, again, to its chelating property.
To substantiate the above findings, we have studied the effect of another chelating agent, 2-mercaptoethanol, on aflatoxin formation and [1-'4C]acetate incorporation into aflatoxin by resting mycelia. In view of the close relationship between lipid and aflatoxin synthesis (6), the effect of 2-mercaptoethanol on [ Sucrose-low salts medium used in this study had the following composition: sucrose, 85 g; asparagine, 10 g; (NH4)2SO4, 3.5 g; KH2PO4, 10 g; MgSO4, 2 g; CaC12 2H20, 75 mg; ZnSO4 7H20, 10 mg; MnCl2 4H20, 5 mg; ammonium molybdate, 2 mg; Na2B407, 2 mg; and FeSO4 7H20, 2 mg; made up to 1,000 ml with double-distilled water. The pH of the medium was adjusted to 4.5.
Culture method. A. parasiticus was grown first in glucose-peptone-agar slants and then in 50 ml of the same medium in bottles. A spore suspension was prepared in sterile, double-distilled water from 5-to 6-day-old cultures of A. parasiticus grown on glucose-peptone-agar. The inoculum added usually contained 3 x 106 to 3.5 x 106 spores.
Different concentrations of 2-mercaptoethanol were added to each flask aseptically. The flasks were inoculated with spores of A. parasiticus and incubated at 26 + 1°C for 8 days. At the end of the incubation period, the aflatoxins in media and mycelia were determined separately. Aflatoxins were extracted with chloroform and separated by thinlayer chromatography on Silica Gel G, using the solvent system toluene-isoamyl alcohol-methanol (90:32:3, vol/vol/vol) (18) . Individual aflatoxin bands were eluted with methanol and estimated by spectrophotometry using the extinction coefficients reported by Nabney and Nesbitt (17) .
Effect of 2-mercaptoethanol on [1-'4C]acetate incorporation into aflatoxins and neutral lipids by resuspended mycelia. The resuspension experiments were carried out on the 4-day-old mycelium. After growing the cultures of A. parasiticus in sucrose-low salts medium for 4 days, mycelium and medium were separated. The mycelium was washed thoroughly. The washed mycelium was blotted, and a known amount of mycelium was transferred to 50-ml Erlenmeyer flasks, which contained 0.02 M phosphate buffer (pH 6.0) and 2 ,tCi of [1-14C] acetate. The required amount of 2-mecapto-AFLATOXIN INHIBITION BY 2-MERCAPTOETHANOL ethanol was added to each flask in a total volume of 10.0 ml. Flasks were incubated at 28 ± 1°C for 2 h. At the end of the incubation period, aflatoxins were extracted with chloroform and estimated as given above. Similarly, on another thin-layer chromatographic plate, the same portion from the chloroform extract was spotted, and aflatoxins were separated as above. Aflatoxin bands were scraped off and added to scintillation vials, and radioactivity was measured in a Beckman liquid scintillation counter LS233. The scintillation fluid contained 4 g of 2,5-diphenyloxazole (PPO) and 200 mg of 1,4-[bis]-2-(5-phenyloxazolyl)benzene (POPOP) in 1 liter of toluene.
The chloroform extract was also used for estimation of radioactivity in neutral lipids. Neutral lipids were separated into individual components on thinlayer chromatographic plates using solvents with varying proportions of constituents, n-hexane-di- The data presented are the averages of three separate experiments.
RESULTS AND DISCUSSION
The effect of addition of 2-mercaptoethanol on aflatoxin production by A. parasiticus is presented in Table 1 . It is evident that 2-mercaptoethanol inhibits aflatoxin synthesis markedly at a concentration of 10 mM and inhibits fungal growth at a concentration of 100 mM. This inhibition may have a direct effect on aflatoxin synthesis or an indirect one on the fungal growth. Addition of 1 mM 2-mercaptoethanol inhibited both fungal growth and aflaxtoxin formation significantly. The effect of 2-mercaptoethanol appears to be exerted directly on aflatoxin biosynthesis, although there is no reported reference to its influence on aflatoxin synthesis. 2-Mercaptoethanol is known to be required for the activity of some enzymes and inhibits certain other enzymes. Ehrenberg et al. (7) observed that cysteine, cysteamine, and 2-mercaptoethanol inhibit ribonucleic acid synthesis inEscherichia coli, whereas leucine ami- notransferase from pig heart requires the thiol group for its activity (19) , and among all the thiol groups 2-mercaptoethanol is the most effective. Dass and Sapra (5) found that 2-mercaptoethanol had an inhibitory effect on the binary fission of the ciliate S. notophera due to disruption of the mitotic spindle at metaphase, although deoxyribonucleic acid synthesis was not affected. Longevialle (13) observed that at low concentrations 2-mercaptoethanol stimulated mitotic division, but at high concentrations it depressed mitotic activity. Chang (4), working with A. vinelandii, concluded that nicotinamide adenine dinucleotide kinase, which was inactivated by dialysis, could be reactivated by 2-mercaptoethanol. The inhibition of growth of A. parasiticus and not of aflatoxin formation observed in the present study may be due to the binding of 2-mercaptoethanol, a chelating agent, to zinc. It has been shown in our laboratory (9) that the absence of zinc inhibits fungal growth and aflatoxin formation. Bean and Rambo (3) attributed the inhibition of aflatoxin biosynthesis in the presence of Me2SO to its chelating action. However, fungal growth
was not inhibited in their study. This may be due to the binding of Me2SO to copper (3), which stimulates aflatoxin formation but may not be essential for fungal growth (15) . The inhibitory effect of 2-mercaptoethanol was further investigated by studying its effect on [1-14C] thesis of aflatoxins and lipid up to a certain stage beyond which divergence takes place (6) . From these results (Tables 2 and 3) , it can be concluded that 2-mercaptoethanol acts at an early biosynthetic step common to both aflatoxin and lipid. From the available reports (2, 3, 9, 10, 12) it can be postulated that any chelating agent that selectively removes stimulatory trace metals, either from the medium or natural substrates such as groundnut, soybeans, etc., will result in inhibition of aflatoxin formation.
